EXECUTIVE SUMMARY
Stock options have long been seen by firms and investors in the venture capital subsector of entrepreneurship as critical mechanisms, through which technology-intensive and highly risky startups are able to attract, compensate, incent, monitor, and retain the right employees. Indeed, the venture community uniformly argues that without employee stock options, firms such as Apple, Genentech and Google would never have been able to create the dramatic new products, drugs, services, and societal wealth that they have over the past thirty years.
Despite the importance of employee stock options to many private companies, scholarly research has focused entirely on older, more mature publicly traded firms. My study aims to be the first research to at least partially close this gap by analyzing employee stock options in pre-IPO venture-backed U.S. firms, an important subset of all private companies. While relatively few in number, venture-backed firms are an increasingly important source of employment, innovation, revenues, and equity value in economies the world over.
The particular focus of my paper is the organizational depth to which private U.S.
venture-backed firms grant stock options. This is because although venture-backed firms are highly renowned for the comprehensive breadth and inclusiveness of their employee stock option grants, I show that contrary to simple stereotype, more than a quarter of them do not grant stock options to all their employees.
I argue that this unexpected finding can best be understood by theorizing that in a business environment dominated by technology assets, high levels of uncertainty, and intense information asymmetry-that is, the prototypical economic setting for venture-backed firmsthe costs of using stock options can exceed the benefits. When the costs do exceed the benefits, sophisticated and rational top management will intentionally not give stock options to certain numbers or types of employees.
I test my hypothesis by evaluating the extent to which variation in the organizational depth to which venture-backed firms grant employee stock options can be explained by proxies for the economic costs and benefits of the stock option grant decision. The proxies I use include the cash compensation of the firm's lowest-paid employee; the fraction of a firm's employees who are in technical positions; the firm's organizational flatness; its proximity to other venturebacked companies; the number of patents it has been granted; the fraction of equity held by venture investors; and the age of the firm. The idea behind the empirical analysis is that in a regression of the fraction of employees granted options on proxies for the economic costs and benefits involved in the grant decision, estimated proxy coefficients that are significantly in the predicted direction are supportive of (although do not definitively prove) the underlying theory.
For my tests, I use a large, detailed, and recent survey-based dataset provided by VentureOne. VentureOne's proprietary data enable me to overcome one of the most significant barriers to researching employee stock options in private companies, namely that U.S. regulators make no requirements that private firms have to disclose information about the stock options that they grant to their employees. Moreover, unlike data used for research into broad-based employee stock option plans in public companies, VentureOne's dataset reports the exact fraction of employees who receive stock options.
My empirical findings demonstrate that the majority of the estimated coefficients on the proxies for the costs and benefits of granting employees stock options are significant and in the predicted directions. This implies that venture-backed firms do not unthinkingly grant stock options to all their employees. Instead, they act as if they weigh the economic costs and benefits involved and set the organizational stock option grant depth in a quite sophisticated manner.
I interpret these results as boding well for the efficient allocation of entrepreneurial capital and labor in the highly uncertain but crucially important formative stages of technologyintensive firms' life-cycles. I also conclude that further theoretical and empirical research into the full set of compensation mechanisms used by private firms to solve common agency and human resource problems facing entrepreneurs and entrepreneurial firms-of which stock options are but one part-is both warranted and likely to be worthwhile.
1.

INTRODUCTION
This study is the first to examine employee stock options in private entrepreneurial companies. Stock options have long been seen by firms and investors in the venture capital subsector of entrepreneurship as critical mechanisms through which technology-intensive and highly risky startups are able to attract, compensate, incent, monitor, and retain the right employees. Many argue that without stock options, firms such as Apple, Genentech, and Google either might not exist, or at best would have been severely hampered in their ability to create new technologies, products, and wealth (Heesen, 2004) . To date, however, academic research into employee stock options has centered exclusively on publicly traded firms (e.g., Blasi et al., 1996; Yermack, 1995 Yermack, , 1997 Core and Guay, 2001; Ittner et al., 2003; Murphy, 2003; Oyer, 2004; Oyer and Schaefer, 2005; Lam and Ho, 2006; Yanadori and Marler, 2006) . My paper seeks to partially redress this imbalance by exploring how and why employee stock options are granted in private venture-backed U.S. companies (hereafter denoted as 'venture-backed firms'). Although venture-backed firms make up only a small fraction of all privately held U.S. companies, they are an important entrepreneurial subset to study because of their disproportionate impact on U.S. employment, innovation, revenues, and equity values (Gompers and Lerner, 2001; NVCA, 2004; Stolis and Goodman, 2004) . They have also been much studied by scholars in a wide range of business disciplines, including accounting (e.g., Hand, 2005) , entrepreneurship (e.g., Dushnitsky and Lenox, 2005) , finance (e.g., Kaplan and Strömberg, 2004) and strategy (e.g., Shepherd et al., 2000; Campbell et al., 2003) .
Venture-backed firms are particularly renowned for the inclusiveness and intensity of the stock options that they grant, such that the stereotypical view of a venture-backed firm is that it 'gives every employee a prize' in the form of stock options, no matter their what their position in the organization. However, using a large proprietary dataset provided by a leading venture capital research firm, VentureOne, I show that this stereotypical view is incorrect. Specifically, some 27% of U.S. venture-backed firms do not grant stock options to all their employees, and within this group, the mean fraction of employees not granted stock options is 39%.
I argue that this finding can be understood by theorizing that in a business environment dominated by intangible technology assets, high levels of uncertainty, and intense information asymmetry-the prototypical economic setting for venture-backed firms (Gompers and Lerner, 2000) -the economic costs of using stock options can exceed the benefits. When they do, management may rationally choose not to give stock options to certain employees. I test this hypothesis by evaluating the extent to which cross-sectional variation in the organizational depth to which venture-backed firms grant employee stock options (denoted FRACOP) can be explained by proxies for the economic costs and benefits of the stock option grant decision. I develop a model of FRACOP that significantly extends the conceptual and empirical framework used by scholars that have examined the determinants of broad-based stock option plans in public companies (Core and Guay, 2001; Hillegeist and Peñalva, 2003; Oyer and Schaefer, 2005) . Many of the cost and benefit proxies I use are unavailable in public companies, such as the cash compensation of the firm's lowest paid employee; the fraction of a firm's employees who are in technical positions; the firm's organizational flatness; and its geographic proximity to other venture-backed companies. The idea behind my empirical analysis is that in a regression of the fraction of employees granted options on proxies for the economic costs and benefits involved in the grant decision, estimated proxy coefficients that are significantly in the predicted direction are supportive of (although do not per se prove) the theory.
Beyond its size, scope, and recency, VentureOne's proprietary data also enable me to overcome one of the significant barriers to researching employee stock options in private companies, namely that U.S. regulators do not require private firms to disclose information about the stock options that they grant to their employees. Moreover, unlike research into broad-based employee stock option plans in public companies, VentureOne reports the exact fraction of employees who receive stock options. The empirical results demonstrate that the majority of the estimated coefficients on the proxies for the costs and benefits of granting employees stock options are significant and have the predicted signs. My findings imply that venture-backed firms do not mechanically grant stock options to all their employees. Instead, they act as if they weigh the economic costs and benefits that are involved and grant employee stock options in a sophisticated manner.
In conclusion, I interpret the results of this study as boding well for the efficient allocation of capital and labor in the highly uncertain but crucially important early stages of technology-intensive firms' life-cycles. I also conclude that further research into the full set of compensation mechanisms used by private firms to solve agency and information asymmetry problems-of which stock options are but one part-is likely warranted and worthwhile.
The remainder of the paper proceeds as follows. Section 2 motivates the paper's focus on employee stock options in venture-backed private firms. Section 3 develops the theory behind FRACOP and its model specification. Section 4 describes VentureOne's database and reports descriptive statistics on key firm characteristics. Section 5 explains the econometric methods employed and details the empirical test results, and Section 6 concludes.
MOTIVATION
Over the past thirty years, employee stock options have steadily grown to be the largest and most academically scrutinized component of senior management's compensation packages (e.g., Hall and Murphy, 2003; Murphy, 1999 Murphy, , 2003 ; and the references therein). More recently, attention has begun to been paid to stock options granted to middle-and low-level employees through the study of broad-based stock option plans, where they exist (Blasi et al., 1996; Core and Guay, 2001; Ittner et al., 2003; Oyer, 2004; Oyer and Schaefer, 2005) .
Although much has been learned from this literature, it is limited in the sense that it is based on the theoretical and empirical analyses of publicly traded companies. Very little scholarship exists that focuses on understanding the causes or consequences of employee stock options in private firms. 1 I argue that rectifying this gap is important for four reasons.
First, not only does most entrepreneurship take place in private companies, but the risks and rewards of equity ownership are a key feature of entrepreneurial compensation. Whether entrepreneurship is defined as the creative destruction across markets via the conversion of new ideas into successful businesses (Schumpeter, 1950) , or the taking of personal risk in the pursuit of uncertain business opportunities (Knight, 1967; Drucker, 1970) , entrepreneurship manifests itself most strongly in the starting of, or working for, firms by founders and employees alike who are intent on creating and exploiting opportunities that could make them as part-owners wealthy.
In this regard, stock options are the central means by which employees are made part-owners.
1 For example, a search of the abstracts, titles, and keywords of volumes 1-21 of the Journal of Business Venturing for the string "stock option" yielded one study that relates to employee stock options in private companies (Chua and Woodward, 1993) . Similar searches of a wide variety of economics, entrepreneurship, finance, and management journals yielded no studies with that same focus. A search made on 6/19/06 of www.ssrn.com for the words "stock" and "option" and either "private" or "venture" in the Abstract field yielded no papers that directly relate to stock options in private firms. (Fenn et al., 1995; Moskowitz and Vissing-Jørgensen, 2002) , they are a large source of employment, innovation, revenues and new wealth Lerner, 2000, 2001; Grady, 2004; NVCA, 2004; Stolis and Goodman, 2004) . In 2003, venture-backed firms employed over 10 million U.S. workers and generated $1.8 trillion in sales, equal to 9.4% of U.S. private sector employment and 9.6% of company sales. One of the main reasons for the growing influence of venture-backed companies is that they consist of almost exclusively of young, technology-driven companies from which many new discoveries and patents are created (Kortum and Lerner, 2000; NVCA, 2004) . As such, it is worthwhile to understand how and why they use or misuse employee stock options.
Third, although one would expect that many of the fundamental determinants and effects of stock options in venture-backed firms would be the same as those in public companies, private venture-backed firms exist in a markedly more extreme and potentially more informative setting than do public companies. As emphasized by Wright and Robbie (1998) and Gompers and Lerner (2000) , technology entrepreneurs and venture investors face incentive, risk, and information problems that are typically far greater than those experienced by managers in public companies. Technology entrepreneurs and venture investors concentrate in economic sectors or industries where there is high technological and customer uncertainty, intense information asymmetry, substantial intangible assets, and rapid competitive entry and exit. As a result, both the costs arising from agency problems, and the benefits from solving them, are very high.
Finally, the distinctiveness of venture-backed firms' economic setting can lead to new questions being asked, new theories being developed, and/or new data being brought to bearnot simply the replication of findings that already exist for public companies. This is the case in my study, in that I am able to significantly extend the conceptual framework used by scholars that have examined the determinants of broad-based stock option plans in public companies; to measure the organizational depth to which employee stock options are granted more accurately than has been possible in public company studies; and to develop new and/or more precise proxies for the economic costs and benefits that theory suggests will determine the stock option grant depth.
THEORY
Overview
Although there are many research-relevant dimensions of employee option plans in venture-backed firms, in this study I focus on understanding the organizational depth to which venture-backed firms grant stock options. This is because while venture-backed firms are renowned for the inclusiveness and intensity of their employee stock option grants (White, 2003; Grady, 2004) , I find that, contrary to stereotype, 27% of them do not grant stock options to all employees, and in this group, the mean fraction of employees not granted stock options is 39%.
I argue that this somewhat unexpected result can best be understood by theorizing that management of private venture-backed firms are rational, and as such, will intentionally not give stock options to certain numbers or types of employees when the corporate costs of granting those stock options exceed the benefits. I now turn to flesh out this theory by modeling the costs and benefits that I propose are involved, given the economic setting that venture-backed firms operate in, namely a business environment dominated by technology assets, high levels of uncertainty and intense information asymmetry.
A Model of the Organizational Depth to Which Venture-Backed Firms Grant Employee Stock Options (FRACOP)
The starting point for my model is a conventional agency-theory framework in which venture investors delegate to managers the decision rights over employee compensation. 2 In turn, managers set the fraction of employees who receive stock options, FRACOP, at the level that optimally attracts, compensates, incents, monitors, and retains employees, bearing in mind the associated corporate-level costs and benefits involved.
I model FRACOP as a function of a variety of the economic factors that typically characterize the microeconomic business and technology landscape facing private venturebacked firms: intangible technology assets, uncertainty, risk, and growth options. Specifically, I
hypothesize that cross-sectional variation in FRACOP is associated with the following variables in a linear manner: (1) using only the subset of observations for which FRACOP < 1. FRACOP{0,1} is defined as being identical to FRACOP except that values of FRACOP less than one are recoded as zero. In subsections 3.2.1 -3.2.9, I describe each explanatory variable and predict its sign under the assumption that firm management is economically sophisticated.
Cash compensation of the lowest-paid employee
When a young technology company receives its first injection of venture capital, venture investors take an active role in helping the founder(s) to professionalize its management by assisting in the hiring of key senior-level business, scientific, and technical personnel (Hellman, 2000; Hellman and Puri, 2002) . The marginal product of such employees in creating equity value will be high. However, as venture-backed companies grow, their hiring will become more oriented toward lower-level employees, whose marginal product is far lower. This, together with high incentives facing low-level employees to free ride off the value-creation activities of more senior employees (Alchian and Demsetz, 1972; Holmstrom, 1982) , leads to the prediction that as the number of employees increases, it becomes unprofitable to incent and/or compensate employees deep in the organization using stock options.
To test this prediction, I use the total annual cash compensation of a firm's lowest-paid employee (subject to a minimum of $10,000) rather than the number of employees for two reasons. First, it might be that it is always optimal to grant options to a fixed number of any firm's most senior executives. This would create an artificial negative correlation between FRACOP and the number of employees. Second, the cash compensation earned by the firm's lowest-paid employee is arguably a more direct measure of the marginal product of the class of employees for which granting stock options is profitable for marginal productivity/free riding reasons. The prediction that follows from using the cash compensation of the lowest-paid employee in equation (1) is that α 1 > 0.
Technical employees
I hypothesize that FRACOP will be positively related to the fraction of employees employed in technical positions, viz., α 2 > 0. Venture-backed firms greatly rely on technology to create value. 3 As a result, employees working in technical areas such as engineering, IT, and R&D will have a greater ability to affect equity value than will other employees, leading them to be better incentivized and more likely to be retained through stock options (Ittner et al., 2003) . Rajan and Zingales (2001) propose that in the early years of a firm's life, the entrepreneur must provide incentives to her employees to develop, rather than expropriate, the firm's key assets or 'business model.' However, in order to extract the rents inherent in her business model, she has to give her employees access to the critical resources that are required for production.
Organizational flatness
This increases the likelihood that those employees will steal those resources. Rajan and Zingales propose that the entrepreneur can mitigate this concern by creating a flat, rather than hierarchical, organizational structure, because then no one subordinate will have enough organizational power to overcome her. In turn, the dampening effect that such flattening has on the employees' incentives to invest in specialized human capital is overcome by spreading the expected rents from ownership widely by granting stock options broadly within the organization.
Such reasoning leads to the prediction that there will be a positive association between FRACOP and the extent of the firm's organizational flatness, viz., α 3 > 0. The proxy that I use for the flatness of a firm is the number of vice presidents it has per employee. The position of vice president is a common and visible boundary between lower-level employees and senior management. As in Rajan and Zingales' model, the typical VP also has a material but not a dominant amount of power and responsibility. Therefore, I propose that the higher the density of a firm's VPs, the organizationally flatter the firm. 
Linking employees' compensation to labor market conditions
Venture-backed firms' technology-dominated assets lead them to want to retain employees with strong business, scientific, or technical abilities, especially when the labor markets for such employees are tightest. Although stock options with multiyear vesting periods are widely viewed as a powerful way to retain such personnel, until recently it was unclear why firms would choose stock options as the retention mechanism when they could achieve the same goal using any type of compensation that would be forfeited were the employee to leave the firm.
Oyer (2004) provides a solution to this puzzle centered on the assumptions that employee turnover and pay parameter adjustments (such as the cutting of nominal pay) are costly, and firms' stock prices are positively related to the tightness of the labor market(s) they face. Oyer proposes that firms use stock options to retain employees because they index the value of employees' deferred compensation to the value of their outside opportunities. That is, stock options ensure that the value of an employee's total compensation is highest precisely when her outside opportunities are greatest and lowest when her opportunities are fewest. In Oyer's model, broad-based stock option plans are more likely the larger are the costs that firms face in replacing employees, the higher the variance of common shocks to firms in a given labor market, the greater employees' risk tolerance, and the higher the variance in local market wages.
Based on Oyer's model, I hypothesize that FRACOP will be positively related to the geographic density of venture-backed firms, under the argument that the greater their geographic density, the higher will be the variance of common shocks that they face and the higher will be the variance in local market wages (Oyer, 2004 (Oyer, , p. 1631 (Oyer, -1632 . The variable that I use to measure the geographic density of venture-backed firms is the fraction of the sample that shares a given telephone area code. In terms of equation (1), the prediction on this independent variable is therefore that α 4 > 0.
Retaining expert human capital
As noted in Section 3.2.2, venture-backed firms hire a large number of employees with expert technical and scientific human capital because their assets and growth options are technology-intensive. I therefore predict that the importance of retaining employees using stock option grants made deeply into the organization will be increasing in the importance of both firms' technology-based assets-in-place and their technology-based longer-term growth options.
As proxies for the former, I use the one-year-ahead forecasts made by management of their firm's growth rate in employees and in revenues. This supposes that these measures are associated with the short-term benefits that are expected to be realized from current or near-term technology assets. In contrast, I use the number of patents already granted to the firm as a proxy for the firm's longer-term technology-based growth option assets. Because of its strong relationship to R&D, the number of patents has been used as a measure of the firm's longhorizon growth options in young firms such as venture-backed biotech companies (e.g., Lerner, 1994) . For all three variables, the prediction in equation (1) is that there will be a positive relation between the variable and FRACOP (viz., α 5 > 0, α 6 > 0, α 7 > 0).
Efficient monitoring of managers by venture investors
Agency theory suggests that investors may use stock options as a substitute for direct monitoring of managers because doing so helps align the unobservable portion of managers' actions toward maximizing firm value rather than consuming perquisites or free riding. If so, then venture capital investors, who usually comprise the largest set of shareholders in a venturebacked firm, will rely more on employee stock options the weaker their ability to directly monitor the firm's employees. I propose that the smaller the venture investors' interests in a firm's equity, the more likely this situation is to occur (Ittner et al., 2003) . The efficient monitoring hypothesis therefore predicts that FRACOP will be negatively related to the fraction of total equity held by venture capital investors, viz., α 8 < 0.
Managerial power and rent seeking
A very different view regarding the relation between the fraction of equity held by venture investors and FRACOP comes from the managerial power and rent-seeking theory of Bebchuk et al. (2002) . Bebchuk et al. propose that the greater the power of management-and therefore the lower the power of venture investors-the less effective will be shareholder monitoring and the larger will be the rents that management can extract from shareholders. I
hypothesize that a prime group from whom managerial rents could be extracted are lower-level employees. The mechanism by which this would occur is that management would grant themselves some or all of the options that shareholders would optimally want granted to the firm's lower-level employees, thereby lowering FRACOP. So in contrast to the prediction made by agency theory that α 8 < 0, Bebchuk et al.'s theory predicts that α 8 > 0.
Stock options as a source of financing
Since granting employee stock options involves no outlay of cash by the firm, the more its employees' total compensation is tilted toward stock options, the less are the cash demands put on the firm. Thus, all else held equal, stock options are a source of financing (Yermack, 1995; Guay, 1999, 2001 ) and an important part of a comprehensive human resource management program (Blasi et al., 1996 (Blasi et al., , 2003 Liccione, 2002; Lam and Ho, 2006) .
I therefore predict that the more cash constrained are private venture-backed firms, the more likely they are to grant options deeply to their employees in order to conserve cash. The ideal variable to measure the degree to which a firm is cash constrained would be its current free cash flow (i.e., after-tax cash from operating activities less capital expenditures). Because this variable is not in VentureOne's dataset, I use the age of the firm as an inverse proxy for cash constraints under the plausible assumption that the younger a firm is in the VentureOne dataset, the less likely the firm is to be 'cash-flow positive' and the more likely it is to be cash constrained. In terms of equation (1), I therefore predict that α 9 < 0.
Control variables
In addition to the variables detailed above, I include several control variables. These are 
DATA
The data in this study come from detailed and proprietary surveys conducted by venture investor board member), and whether they are or were one of the firm's founders.
Of the approximately 7,000 venture-backed firms to which VentureOne emailed its compensation surveys in 2004 and 2005, a total of 1,296 responses were received. 6 Of these, 42
were eliminated because the firm had been acquired or merged, was already public or in IPO registration, or had gone out of business. This yielded 1,254 usable firm-year observations from private and independent venture-backed companies. Untabulated analysis indicates that respondents were not significantly different from nonrespondents. (Table 2) . For example, most recent venture financings range from Seed to 9 th rounds, while life stages span the full spectrum 6 The response rate of approximately 9% (= average of {795 + 501} / 7,000) is very similar to that of other compensation surveys. For example, in a nonacademic study of a combination of public and private companies with broad-based stock option plans, Weeden et al. (2001) report a response rate of 10%. 7 I developed and estimated a logistic regression model to discriminate between respondents and nonrespondents. Using data available in VentureOne's aggregate financing and valuation database (which did not include compensation data), I was able to explain less than 1% of the variance. The independent variables I used were the age of the firm, the date of its most recent round of equity financing, the number of its most recent round of equity financing (e.g., 1 st , 2 nd , etc.), the amount raised in that round, the state in which the firm is headquartered, its life stage (e.g., Start-up, Product Development, Beta Testing, Shipping, Profitable, Clinical Trials, and Restart), and the industry sector of the firm. from Startup to Profitable. Of the firms, 49% are Internet companies as defined by VentureOne's internal criteria, while 51% and 29% are classified as being in the IT and Healthcare sectors, respectively (Table 3) . Thirty seven percent are headquartered in California.
In Table 4 I report the mean number of employees by functional area. The average number of employees in a sample firm is 54. Of these, 46% are Technical, 13% are in Sales, and 11% are Administrative staff. Lastly, mean revenue, equity financing, and valuation results (Table 5) show that, as would be expected given their relative youth, the mean current year revenue of sample firms is only $7.2 million-but the projected one-year-ahead revenue growth rate is a rapid 68%. The average post-money equity value at firms' last financing rounds was $40 million, and in their last financing round (which took place an average of 1.6 years prior to the survey date) the mean amount raised was $10.0 million at a mean dilution of 36%.
Most importantly, the leftmost column of Table 6 shows that 232 out of 852 (27%) of all sample firms do not grant stock options to all their employees. Within such firms, where FRACOP < 1, the mean fraction of employees not granted stock options is 39%. These results run contrary to the simple stereotype that U.S. venture-backed firms are renowned for, namely that all of their employees receive stock options. I now turn to test the theory laid out in Section 3.2 as to why this occurs, as expressed in equation (1).
ECONOMETRIC METHODS AND EMPIRICAL RESULTS
Univariate tests
In Table 7 I report the results of univariate tests of the directional predictions made in Sections 3.2.1-3.2.9 regarding the determinants of FRACOP, the fraction of firms' employees granted stock options. Specifically, Table 7 shows the means of the main independent variables in equation (1) when FRACOP = 1 versus when FRACOP < 1, and the t-statistic on the difference in the means. 8 For each independent variable listed other than the fraction of shares held by venture investors, the economic cost/benefit theory of stock option grant depth predicts that the mean of the variable will be greater when FRACOP = 1 than when FRACOP < 1. Table 7 excludes the control variables in equation (1). The control variables consist of industry sector dummies; Ln(1 + #Years since most recent funding round); and an indicator = 1 if the observation is from the 2005 survey. 9 The difference in means for the fraction of shares held by venture investors is predicted to be negative if venture investors use employee stock options to align the unobservable portion of managers' actions toward maximizing firm value rather than consuming perquisites or free riding (Section 3.2.6), but positive if a lower ownership holding
The univariate results reported in Table 7 
Multivariate tests
My primary method of estimating the multivariate relations between FRACOP and its hypothesized determinants as expressed in equation (1) OLS, the estimates of the coefficients on the underlying latent explanatory variables in the Tobit model will be unbiased. 12 However, while OLS coefficients measure the unconditional marginal effects of the independent variables, the coefficients on the latent explanatory variables in the Tobit model measure the conditional marginal effects. As a result, the magnitudes of the coefficient estimates obtained from the Tobit model can only be correctly interpreted if they are by venture investors gives management more power that they then use to extract rents from lower level employees by excluding such employees from being granted options (Section 3.2.7). 10 For simplicity, I do not treat observations where FRACOP = 0 as if they are left-censored at that level, because there are only four such data points out of the total of 852 observations. 11 The latent variable is a purely technical device, because FRACOP is not in actuality right-censored. Censoring occurs when a sampling or data collection process is such that the researcher cannot observe the full range of the population model. This is not the case for FRACOP, because stock options cannot be granted to negative numbers of employees nor to more employees than the firm has. When FRACOP = 1, this reflects an economic choice by the firm, not a deficiency in the data. 12 OLS assumes that the error term is unbounded by virtue of being normally distributed. This is not so, because FRACOP cannot be negative or exceed one. Parameter estimates obtained using OLS will therefore typically be biased toward zero as well as inconsistent.
made unconditional. This is achieved by multiplying them by the average estimated probability that an observation will be interior, that is, the average estimated probability that FRACOP < 1.
For purposes of robustness, I also estimate the parameters in equation (1) (1) using only the subset of observations for which FRACOP < 1.
In Table 9 , I report the results of estimating the three multivariate models. Two key findings emerge. First, there is a reasonable consistency in both the signs and statistical significance of the coefficient estimates across the three different regression specifications (bearing in mind that the OLS regression is able to use only about a quarter of the full sample in its estimation). Second, and more importantly, parameter estimates are overall strongly consistent with the sign predictions made in Section 3.2 and the univariate results reported in Table 8 . Taking the as-if-right-censored Tobit model results as the baseline, Table 9 shows that:
• In line with the expectation that the net benefits of compensating and incenting employees via stock options declines as the number of employees in the firm rises, FRACOP is reliably increasing in the cash compensation of the lowest-paid employee.
• Consistent with the hypothesis that attracting and retaining technical expertise is vital to the success of venture-backed firms, FRACOP is reliably increasing in the fraction of employees with technical human capital.
• Supporting the prediction derived from Rajan and Zingales (2001) that stock options will be granted more deeply into a firm the organizationally flatter it is, the estimated coefficient on the number of VPs per employee is reliably positive. • Oyer's (2004) explanation for why firms grant stock options rather than other forfeitable compensation is strongly supported in that there is a reliably positive coefficient observed on the fraction of the sample that shares the firm's telephone area code.
• Consistent with the prediction that FRACOP will be larger the more important is a firm's technology-based long-term growth options, I find a reliably positive coefficient on the number of patents granted to the firm.
• A reliably positive coefficient is observed on managers' one-year-ahead forecasts of employee growth, but not on managers' one-year-ahead forecasts of revenue growth.
• The coefficient on the fraction of shares held by venture investors is reliably positive.
This supports Bebchuk et al.'s (2002) hypothesis that the more control venture investors have over the firm, the less likely it will be that senior management will redirect options that should go to lower-level employees into their own pockets.
• The coefficient on firm age, a proxy for the degree to which the firm's cash constraints make granting stock options deeply a way of obtaining financing from employees, is not significantly different from zero. This indicates that holding constant all the other independent variables in the regression, options are not granted more deeply when firms are more cash constrained.
• Lastly, neither the estimated coefficient on time since the firm's most recent funding round, nor that on the 2005 survey indicator (pure control variables) is reliably nonzero.
In total, I interpret the results reported in Tables 7-9 as supporting the theory that private venture-backed firms decide on the organizational depth to which they grant employee stock options in a sophisticated manner that trades off many of the hypothesized economic costs and benefits of attracting, compensating, incenting, monitoring, and retaining their employees.
Limitations of the study
There are several limitations of this study to acknowledge. First, the analysis takes into account the stock option grant depth but not the magnitude of the incentives provided, as in Guay (1999, 2001 ). Thus, some results could be simply capturing biases arising from omitted correlated variables. Second, several explanatory variables are likely to be endogenous to FRACOP to a greater or lesser degree. These include employee growth, the number of patents, and the fraction of the company held by venture investors. Unfortunately, VentureOne's dataset does not provide a ready menu of strong candidates that can be used as instruments.
A third limitation is the survey nature of the data that I use. In general, survey data may be inaccurate, or contain strategic (i.e., untruthful) responses, or exhibit survey selection response biases relative to archival data. All these possibilities have unknown effects on the empirical results and my inferences. That said, Appendix B summarizes the results of some auxiliary tests that suggest that survey response bias likely does not dominate as a characteristic of the dataset. Finally, the unusual features of private venture-backed firms mean that the results may not generalize to other private firms or to public companies. As noted by Shane (2006) , this is a common and challenging problem to overcome in entrepreneurship research.
6.
CONCLUSIONS
Despite the importance of stock options to such companies and therefore arguably to the U.S. economy, prior academic research has concentrated exclusively on employee stock options in public companies. This study is the first to theoretically and empirically examine employee stock options in private entrepreneurial companies.
I first showed that although U.S. venture-backed firms are renowned for the inclusiveness and intensity of their employee stock option grants, contrary to simple stereotype some 27% of venture-backed firms do not grant stock options to all their employees. I then sought to explain this finding by theorizing that in the archetypal economic setting for venture-backed firms-viz., a business environment dominated by technology assets, high levels of uncertainty, and intense information asymmetry-the costs of using stock options to attract, compensate, incent, monitor and retain certain employees can exceed the benefits. When they do, rational managers will not grant options to certain employees. I tested the theory by determining whether variation in the organizational depth to which venture-backed firms grant employee stock options can be reliably explained by a variety of proxies for both the economic costs and benefits of the stock option grant depth decision. I found that the empirical results supported the theory, and imply that venture-backed firms grant employee stock options in a sophisticated manner that reflects many of the business tradeoffs involved.
My findings bode well for the efficient allocation of capital in private venture-backed companies. This is because they suggest that despite the intense uncertainty of the environment facing entrepreneurial companies, both managers and venture investors in such firms act in an economically astute manner when using and valuing employee stock options. From the point of view of entrepreneurship, the empirical results documented in this study imply that while entrepreneurs may be prone to behavioral distortions arising from psychological traits and base decisions in part on non-profit-maximizing factors, these do seem to not swamp or overcome the rational forces of value-maximizing pressures in their companies. The results of this study also suggest that it would be worthwhile to conduct further research into the total set of compensation mechanisms used by entrepreneurial young private firms to solve agency and information asymmetry problems and thereby create new technologies, products and wealth. Noting that broad-based stock option plans impose substantial risk on lower-level employees and suffer from free-rider problems, Oyer and Schaefer (2005) evaluate three potential explanations for why many firms issue options to all employees: a solution to moral hazard; a method of sorting on worker beliefs about the firm's prospects; and an inexpensive means by which to retain employees by adjusting their pay to market conditions (Oyer, 2004) .
After rejecting the incentives-based explanation, they conclude that their data appear most consistent with the sorting and retention explanations. In contrast, Bergman and Jenter (2005) find evidence consistent with the proposition that the popularity of option compensation for lowlevel employees is driven by boundedly rational employees who are excessively optimistic about their company's stock and who have a strict preference for options over stock.
Focusing on "new economy" firms, Ittner et al. (2003) examine the determinants and performance consequences of equity grants to all types of employees-senior-level executives, lower-level managers, and nonexempt employees. They find that the determinants of equity grants differ significantly across old economy and new economy companies, and that new-hire option grants but not subsequent grants are significantly affected by firms' employee retention objectives. Performance tests indicate that option grants and existing option holdings that are lower than expected are associated with poorer firm performance in subsequent years.
The influence of broad-based employee stock option plans on firm performance is also the focus of Hillegeist and Peñalva (2003) and Landsman et al. (2005) . Hillegeist and Peñalva find that firms with unexpectedly high levels of both executive and nonexecutive option incentives exhibit significantly higher firm performance. Landsman et al. conclude similarly, but note that the relation seems stronger for nonexecutive options than for executive options.
Finally, Inderst and Müller (2006) argue that the presence of specific human capital can make it optimal to link the compensation of low-level employees to total firm value even though there are negligible incentive effects because of standard free-riding problems. Their theory predicts that broad-based incentive pay should be more prevalent in riskier firms.
Appendix B Potential selection biases in the VentureOne survey data
The survey nature of VentureOne's data may introduce response bias. In particular, it might be that firms that grant employee stock options more deeply into their organizational structure are more likely to respond to VentureOne's survey. Such a response bias could lead to biases in the inferences I draw from the statistical tests undertaken in the paper. Finally, I asked my contact at VentureOne whether based on their significant experience, they perceived that certain kinds of firms were more likely to respond to their survey than others.
After some thought, my contact said that it was his sense that the only bias in respondents that might be present was that firms were more likely to respond to the survey if they were getting ready to seek their next round of venture funding. This is because if the firm was successful in getting more venture funding, it could then be in a position to adjust the salaries and/or other aspects of total compensation of its existing employees to market averages, and to offer marketbased compensation to employees it was seeking to hire. However, since the typical venturebacked firm receives a new injection of equity from venture funds every 14 or so months, this selection bias would not seem to be likely to be correlated with FRACOP.
In total, I interpret the points discussed above as indicating that if there is a selection bias toward firms with larger FRACOP being more likely to respond to the survey, the size of the selection bias is arguably not likely to be large. Mean projected revenue growth is calculated as the mean current-year revenues divided by mean prior-year revenues. The post-money equity value (dilution) at the last financing round is unknown for 417 (419) firms. Single, double, and triple hash marks (asterisks) denote coefficient estimates that are reliably of the predicted sign at the 5%, 2.5%, and 1% significance levels, respectively, under a one-tailed (two-tailed) test. The control variables present in equation (1) are not included above because theory makes no clear sign prediction for them. Table 8 Correlation matrix of the variables used to estimate the relations between the fraction of employees granted stock options in private venture-backed U.S. firms (FRACOP) and proxies for the economic costs and benefits of attracting, incenting, monitoring, and retaining those employees
The sample is the set of 852 private venture-backed U.S. firms in VentureOne's Spring 2004 and Spring 2005 compensation survey databases that satisfied the data requirements described in Table 1 . Pearson (Spearman) correlations are above (below) the diagonal. Correlations greater than 0.065 in absolute magnitude are reliably significant at the 5% level under a two-tailed test. The predicted sign between FRACOP and each independent variable is shown in parentheses above the independent variable.
(+) (+) (+) (+) (+) (+) (+) (+) (+, -) (-) Variable Table 9 Regressions of the fraction of employees granted stock options in private venture-backed U.S. firms (FRACOP) on proxies for the economic costs and benefits of attracting, incenting, monitoring, and retaining those employees
The sample is the set of 852 private venture-backed U.S. firms in VentureOne's Spring 2004 and 2005 surveys satisfying data limitations per Table 1 . Standard errors are in square brackets. Single, double, and triple hash marks (asterisks) denote coefficient estimates that are reliably of the predicted sign at the 5%, 2.5% and 1% significance levels, respectively, under a one-tailed (two-tailed) test. Numbers in italics are the unconditional marginal effects implied by the Tobit model, viz., the nonitalicized latent parameter estimates multiplied by the average estimated probability that an observation will not be right-censored. 
